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Description 

FOCAL SPOT POSITION ADJUSTMENT 
SYSTEM FOR AN IMAGING TUBE 

Cross Reference to Related Applications 

[0001] The present invention is related to U.S. Patent Application 
No. 10/604,606, filed July 30, 2002, entitled "CATHODE 
FOR HIGH EMISSION X-RAY TUBE" incorporated by refer- 
ence herein. 
Background of Invention 

[0002] The present invention relates generally to x-ray imaging 
systems. More particularly, the present invention relates 
to systems and methods of adjusting focal spot position- 
ing relative to a target within an imaging tube. 

[0003] Traditional x-ray imaging systems include an x-ray 

source and a detector array. X-rays are generated by the 
x-ray source, pass through an object, and are detected by 
the detector array. Electrical signals generated by the de- 
tector array are conditioned to reconstruct an x-ray image 
of the object. 



[0004] Computed tomography (CT) imaging systems include a 
gantry that rotates at various speeds in order to create a 
360° image. The gantry contains a CT tube assembly that 
generates x-rays across a vacuum gap between a cathode 
and an anode. In order to generate the x-rays, a large 
voltage potential of approximately 150kV is created 
across the vacuum gap allowing electrons, in the form of 
an electron beam, to be emitted from the cathode to the 
target portion of the anode. In the releasing of the elec- 
trons, a filament contained within the cathode is heated to 
incandescence by passing an electric current therein. The 
electrons are accelerated by the high voltage potential and 
impinge on the target at a focal spot, whereby they are 
abruptly slowed down, directed at an impingement angle 
a of approximately 90°, to emit x-rays through a CT tube 
window. 

[0005] The cathode or electron source is typically a coiled tung- 
sten wire that is heated to temperatures approaching 
2600°C. The electrons are accelerated by an electric field 
imposed between the cathode and the anode. The anode, 
in a high power x-ray tube designed for current CT de- 
vices, is a tungsten target having a target face, that ro- 
tates at angular velocities of approximately 120 Hz or 



greater. 

[0006] The focal spot has an associated location on a surface of 
the anode. The location of the focal spot, with respect to 
the gantry and CT detector assembly, is dependent upon 
the position of the target face with respect to an insert 
frame of the imaging tube, which is fixed to an outer 
frame or casing of the tube. The temperature of different 
elements of the anode, such as an anode rotor, stem, 
bearing, stud, hub, and thermal barrier, determine z- 
direction position of the target face, along an axis of rota- 
tion of the anode. 

[0007] The focal spot location is controllably translated within 

the x-ray imaging tube in order to perform a double sam- 
pling technique. The double sampling technique is uti- 
lized to prevent aliasing effects in image reconstruction. It 
is desirable to prevent aliasing in order to generate quality 
images with minimum artifacts in x-ray imaging. 

[0008] Double sampling refers to a sampling frequency of at least 
2/a, where "a" is a third generation computed tomography 
(CT) scanner sampling distance of a scanned field. Sample 
frequency for the CT scanner is equal to 1/a, which is half 
the preferred Nyquist theorem sampling frequency of at 
least 2/a. Double sampling can be achieved by numeri- 



cally evaluating two images. A first image is acquired with 
the detector in a default position and a second image is 
acquired after moving the detector by a distance of a/2 
normal to the incident x-rays while maintaining position 
of the x-ray source. Equivalently, the two images needed 
for double sampling can also be obtained by laterally 
moving the focal spot between two exposures a distance 
that causes the subsequent x-ray image to move a dis- 
tance of a/2 on the detector. 
[0009] Double sampling is accomplished in conventional imaging 
systems by adjusting focal spot positioning on the target 
or surface of the anode, electronically without mechanical 
motion, via use of deflection coils or plates within an x- 
ray tube. The deflection coils and plates deflect an elec- 
tron beam either by creating a local magnetic or electro- 
static field. 

[0010] a method of performing double sampling of each beam is 
to wobble an x-ray source or imaging tube by an amount 
that shifts each beam by one-half the space between the 
beams. Wobbling is mechanically equivalent to taking a 
second set of projections with the detector shifted to 
some odd multiple of one-half pitch of the detector. The 
detector is allowed to naturally rotate to a one-half pitch 



position while the x-ray source is repositioned, along a 
circumferential path of rotation of the source, back to a 
position where a first projection set of data was collected. 
Wobbling is generally within a plane of rotation of the 
gantry and along a tangent to the gantry rotation. 

[0011] Wobbling may be performed by acquiring a first set of 
data with a focal spot in a first position on a first 360° 
scan and acquiring a second set of data with the focal 
spot shifted to a second position on a second 360° scan. 
Preferably, however, to avoid motion problems between 
adjacent samples, the x-ray beam is rapidly shifted be- 
tween positions and each projection. 

[0012] D ue to limited amounts of available space within an imag- 
ing tube utilization of the deflection coils and plates is not 
feasible. The close proximity and the high voltage poten- 
tial between the cathode and the anode render the deflec- 
tion coils and plates impracticable. 

[0013] Externally generated magnetic fields have been suggested 
for focal spot position adjustment and wobbling, which 
would allow use of current cathode/anode designs. How- 
ever, in order to generate the magnetic fields, external 
components are required, which considerably increases 
weight of the imaging tube. Increase in weight limits fea- 



sible rotating speeds of CT imaging systems due to in- 
creases in loads experienced by gantry components. The 
increased loads degrade CT imaging tube performance. 

[0014] | t would therefore be desirable to provide a focal spot po- 
sition adjusting system that is applicable to CT imaging, 
that is electronic, does not significantly increase weight of 
or occupy increased space within an imaging tube, and 
does not require use of deflection coils or plates. 

[0015] Thermally induced growth of anode elements with in- 
crease in temperature is referred to as z-thermal. Z- 
thermal is tracked by various methods. Z-thermal is typi- 
cally determined by estimating the position of the target 
face by calibrating a measured focal spot position with re- 
spect to power or total heat deposited in the target. Cool- 
down times are recorded and estimates can be made on 
focal spot positions, during operation, even after ex- 
tended periods of not using the CT system. A CT device 
back-projection algorithm introduces corrections for focal 
spot motion since final image artifacts depend upon dif- 
ferences between a real focal spot location and an esti- 
mated focal spot location. 

[0016] Target face position estimating can be inaccurate. Actual 
focal spot positioning can drift over time due to tempera- 



ture changes in various components, amount and type of 
use of the components, whether a component is new or 
aged, system operating power level, system operating 
time, and other focal spot position affecting factors 
known in the art. 

[0017] Another disadvantage with existing focal spot estimation 
is different CT x-ray tube designs require different focal 
spot motion calibration schemes, which must be devel- 
oped, tested, and performed for each tube type and po- 
tentially for each design revision within a tube type. The 
calibration schemes are costly to implement, time con- 
suming, and are potentially inaccurate since multiple an- 
ode behaviors occur with a specified anode temperature. 

[0018] it j S therefore also desirable to provide a system for accu- 
rately determining actual focal spot positioning. 
Summary of Invention 

[0019] The present invention provides a system and method of 
adjusting focal spot positioning relative to a target within 
an imaging tube. A cathode for an imaging tube is pro- 
vided. The cathode includes an emitter that emits an elec- 
tron beam to a focal spot on an anode. A backing member 
is electrically disposed on a second side of the emitter and 
contributes in formation of the electron beam. A deflec- 



tion electrode is electrically disposed between the backing 
member and the anode and adjusts position of the focal 
spot on the anode. A method of operating an x-ray source 
containing the cathode is provided. 

[0020] a non-contact x-ray source component position measur- 
ing system is also provided. The position measuring sys- 
tem includes an electromagnetic source having an elec- 
tromagnetic radiation source component and a probe that 
directs an emission signal at and receives a return signal 
from the surface of the anode. A controller generates the 
emission signal and determines position of the x-ray 
source component in response to the return signal. A 
method of performing the same is also provided. Addi- 
tionally, an electron beam focal spot position adjusting 
system is provided, including the cathode and the x-ray 
source component position measuring system. 

[0021] one of several advantages of the present invention is that 
it provides ability to deflect the x-ray source electronically 
without motion of mechanical componentry and at the 
same time it does not occupy any more space than a con- 
ventional cathode. Thus, the present invention allows 
minimizing system complexity, weight of an imaging tube 
assembly, space consumption, and potential costs in- 



volved in maintaining system components. 

[0022] Another advantage of the present invention is that it pro- 
vides an accurate non-contact measuring system for de- 
termining position of an anode within an imaging tube. 
Thereby, increasing accuracy of focal spot position deter- 
mination and increased quality of image reconstruction. 

[0023] Furthermore, the present invention provides a system for 
accurately adjusting focal spot positioning and in so doing 
minimizing artifacts and increasing image quality. 

[0024] Moreover, the present invention provides quick current 

modulation of electron emission. Thus, the present inven- 
tion accounts for varying thickness and material density of 
a patient, limits x-ray dosage of the patient, and further 
improves image quality. 

[0025] The present invention itself, together with attendant ad- 
vantages, will be best understood by reference to the fol- 
lowing detailed description, taken in conjunction with the 

accompanying figures. 
Brief Description of Drawings 

[0026] For a more complete understanding of this invention ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying figures and de- 
scribed below by way of examples of the invention 



wherein: 

[0027] Figure 1 is a perspective and diagrammatic view of a com- 
puted tomography (CT) imaging system including an elec- 
tron beam focal spot position adjusting system in accor- 
dance with an embodiment of the present invention. 

[0028] Figure 2 is a cross-sectional view of a CT tube assembly 
including a non-contact x-ray source component position 
measuring system in accordance with an embodiment of 
the present invention. 

[0029] Figure 3 is a perspective view of a cathode in accordance 
with an embodiment of the present invention. 

[0030] Figure 4 is a schematic representation of a cathode and an 
anode illustrating an asymmetrical extracted electron 
beam in accordance with an embodiment of the present 
invention. 

[0031] Figure 5 is a perspective view of a cathode in accordance 
with another embodiment of the present invention; and. 

[0032] Figure 6 is a logic flow diagram illustrating a method of 

adjusting focal spot positioning including a method of de- 
termining position of an electromagnetic radiation source 
component and a method of operating an electromagnetic 
source in accordance with an embodiment of the present 
invention. 



Detailed Description 

[0033] | n eacn of the following figures, the same reference nu- 
merals are used to refer to the same components. While 
the present invention is described with respect to a sys- 
tem and methods of adjusting focal spot positioning rela- 
tive to a target within an imaging tube, the following sys- 
tem and methods are capable of being adapted for various 
purposes and are not limited to the following applications: 
computed tomography (CT) systems, radiotherapy sys- 
tems, X-ray imaging systems, nuclear imaging systems, 
and other applications known in the art. 

[0034] Also, the present invention although described as being 
used in conjunction with a CT tube may be used in con- 
junction with other imaging tubes including cardiac x-ray 
tubes and angiography x-ray tubes. 

[0035] | n the following description, various operating parameters 
and components are described for one constructed em- 
bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0036] Referring now to Figure 1, a perspective and diagrammatic 
view of a CT imaging system 10 including an electron 
beam focal spot position adjusting system 12 in accor- 
dance with an embodiment of the present invention is 



shown. The imaging system 10 includes a gantry 14 that 
has a rotating inner portion 16 containing an electromag- 
netic source 18 and a detector array 20. The source 18 
projects a beam of x-rays towards the detector array 20. 
The source 18 and the detector array 20 rotate about an 
operably translatable table 22. The table 22 is translated 
along a z-axis between the source 18 and the detector 
array 20 to perform a helical scan. The beam after passing 
through a medical patient 24, within a patient bore 26 is 
detected at the detector array 20 to generate projection 
data that is used to create a CT image. The focal spot ad- 
justing system 12 includes the source 18 and a controller 
28, which are described in further detail below. 
[0037] Referring now to Figure 2, a cross-sectional view of a CT 
tube assembly 30 including the focal spot adjusting sys- 
tem 12 and a non-contact electromagnetic source com- 
ponent position measuring system 32 in accordance with 
an embodiment of the present invention is shown. The 
assembly 30 is located within the source 18 and includes 
an imaging tube 33 having an insert 34. The insert 34 has 
an insert wall 35 that is within a CT tube housing or cas- 
ing 36. A cathode 38 generates and emits electrons 
across a vacuum gap 40 in the form of an electron beam, 



which is directed at a target 42 on a rotating anode 44 
creating a focal spot 46. The anode 44 rotates about a 
center axis 48. 

[0038] The position measuring system 32 includes the CT tube 

assembly 30 having a probe 50 directing an emission sig- 
nal 52 at and receiving a return signal 54 from the target 
42 for determining position of the target 42 relative to the 
casing 36. The emission signal and the return signal are in 
the form of electromagnetic radiation such as visible light, 
infrared, ultraviolet, radio, or other radiation known in the 
art. Of course, the probe 50 may be directed at and used 
to determine positioning of other electromagnetic radia- 
tion source components. The controller 28 is electrically 
coupled to the probe 50 and generates the emission sig- 
nal 52 and determines position of the target 42 in re- 
sponse to the return signal 54 using distance measuring 
techniques known in the art, such as interferometry or 
time-of-flight techniques. 

[0039] | n using interferometry to determine distance the emis- 
sion signal 52 needs to have an incident wave with a wave 
front that is fairly uniform at a point of origin. As the wave 
front is reflected from the target it is added with a portion 
of additionally generated wave fronts, and interference 



between the originally generated wave fronts and the re- 
flected wave fronts is evaluated for evidence of construc- 
tive, partially constructive or destructive interference. In 
using time-of-f light to determine distance, the emission 
signal 52 is modulated, timed, and delay between trans- 
mission of the emission signal 52 and reception of the re- 
turn signal 54 indicates distance that the emission signal 
52 traversed divided by speed of propagation of the emis- 
sion signal 52. Time-of-flight does not require a pre- 
served wave front and is therefore potentially more accu- 
rate than interferometry. Reflectivity of the emission sig- 
nal 52, in using both interferometry and time-of-flight, is 
assured in that metals have high reflectivity over a wide 
range of wavelengths from near ultraviolet to infrared. 
[0040] The probe 50 is electrically coupled to the controller 28 
via a transmission medium 56. The transmission medium 
56 maybe in the form of optical conduit and is preferably 
formed of fused quartz or other similar materials, such as 
glass or fiber optic materials known in the art, that are ca- 
pable of withstanding environmental conditions within the 
tube 33. Fused quartz or the like is preferred due to vac- 
uum integrity of the material, resistance to heat, robust- 
ness against radiation damage, deformation and trans- 



parence to light having a wide range of wavelengths. Seal- 
ing technology is also standard and known in the art for 
fused quartz and the like. For example, the probe 50 may 
also include a couple of feedthroughs 58 that allow the 
transmission medium 56 to penetrate the insert wall 35 
into an insert area 60 and seal the probe 50 including a 
first optical conduit end 62 and a second optical conduit 
end 64 to the insert wall 35, and prevent vacuum leakage 
to the atmosphere. 

[0041] The probe 50 and feedthroughs 58 may be located in var- 
ious locations within the CT tube assembly 30 and may 
have various angular relationships with the anode 44. The 
probe 50 and feedthroughs 58 may be located such that 
the ends 62 and 64 are positioned opposite to the cath- 
ode in relation to the centerline 48 and thus shielded from 
direct exposure to radiation and the focal spot 46, which 
is typically the hottest portion of the anode 44. 

[0042] a hood or extension tube 66 may be utilized to further 
protect the transmission medium 56. The extension tube 
66 may be incorporated as shown encasing the transmis- 
sion medium 56 between the casing 36 and the probe 50 
or may be incorporated as to protect ends 62 and 64. The 
extension tube 66 may be formed of stainless steel or 



other similar material known in the art. 
[0043] The controller 28 is preferably microprocessor based such 
as a computer having a central processing unit, memory 
(RAM and/or ROM), and associated input and output 
buses. The controller 28 may be a portion of a central 
main control unit or may be a stand-alone controller as 
shown. 

[0044] Referring now to Figure 3, a perspective view of the cath- 
ode 38 in accordance with an embodiment of the present 
invention is shown. The cathode 38 may include a front 
member 70 electrically disposed on a first side 72 of the 
emitter 74 and includes a backing member 76 electrically 
disposed on a second side 78 of an emitter 74. The front 
member 70 has an aperture 80 coupled therein. The emit- 
ter 74 emits an electron beam to the focal spot 46. The 
aperture 80 and the backing member 76 are differentially 
biased as to shape and focus the beam to the focal spot 
46. For further detailed description of the differentially bi- 
ased functionality of the cathode 38 and the anode 44 see 
U.S. Patent Application, attorney docket number 124793. 
Deflection electrodes 82 are shown as an electrode pair 
and are electrically disposed between the backing member 
76 and the front member 70. The deflection electrodes 82 



adjust positioning of the focal spot 46 on the anode 44. 
Note that the cathode 38, as shown, is symmetrically de- 
signed. Symmetrical design of the cathode 38 although 
desired for simplicity and for electron beam shaping, is 
not a requirement of the present invention. 
[0045] The cathode 38 also includes multiple isolators separating 
the front member 70, the backing member 76, and the 
deflection electrodes 82. A first side steering electrode in- 
sulator 84 may be coupled between the front member 70 
and a first side steering electrode 86 and a second side 
steering electrode insulator 88 may be coupled between 
the front member 70 and a second side steering electrode 
90. The first insulator 84 and the second insulator 88 iso- 
late the deflection electrodes 82 from the front member 
70. A pair of backing insulators 92 is coupled between the 
deflection electrodes 82 and the backing member 76 and 
isolates the deflection electrodes 82 from the backing 
member 76. A pair of filament insulators 94 are coupled 
to emitter electrodes 96 to maintain the emitter 74 at a 
potential isolated from the backing member 76. Of 
course, the deflection electrodes 82 and the insulators 84, 
86, 88, and 92 may be in various locations and be utilized 
in various combinations. 



[0046] Referring now to Figure 4, a schematic representation of 
the cathode 38 and the anode 44 illustrating an asymmet- 
rical extracted electron beam 40 in accordance with an 
embodiment of the present invention is shown. The cath- 
ode 38 and the anode 44 create a dipole field 97 therebe- 
tween. The emitter 74 emits an electron beam 98 through 
the aperture 80 in the front member 70 to the focal spot 
46 on the target 42 across the dipole field 97. The elec- 
tron beam 98 may be symmetrical to an emitter centerline 
100 extending through the emitter 74 and a center 102 of 
the aperture 80. During focal spot position adjustment, 
such as during wobbling, the deflection electrodes 82 may 
be asymmetrically biased to adjust position of the focal 
spot 46 on the target 42. For example, the deflection 
electrodes 82 may be asymmetrically biased to shift the 
focal spot 46 to a left side 104 of the emitter centerline 
100, as shown. 

[0047] The bias voltages applied to the electrodes 82 are depen- 
dent on the specific application. When wobbling, the bias 
voltages of the deflection electrodes 82 are typically less 
on one side and greater on an opposite side of the elec- 
trodes as compared to the bias voltage of the emitter 74. 
The bias voltages of the deflection electrodes 82 are 



greater than the bias voltage of the backing member 76. 
In one embodiment of the present invention, using the 
above example of shifting the beam 98 to the left, the fo- 
cal spot 46 is adjusted to the left side 104 of the emitter 
centerline 100 and using the following voltages; an emit- 
ter voltage and a front member voltage approximately 
equal to 0V, a backing member voltage approximately 
equal to 6kV, a first electrode voltage approximately equal 
to 700V, and a second electrode approximately equal to 
300V. Note that the first electrode 86 is positively biased 
and has a larger bias than the second electrode 90, to 
shift the electron beam 98 towards the first electrode 86. 
[0048] Referring now to Figure 5, a perspective view of a cathode 
110 in accordance with another embodiment of the 
present invention is shown. Cathode 110, similar to cath- 
ode 38, includes a backing member 112 and an emitter 
114. A first pair of deflection electrodes 116 extends 
along length L of the emitter 114. A second pair of deflec- 
tion electrodes 118 extends along width W of the emitter 
114. In adjacent surfaces 120 of the electrode pairs 116 
and 118 are at approximately 90° angles with each other. 
The adjacent surfaces 120 form an electron beam passage 
area 122. Insulators 124 are disposed between the back- 



ing member 112 and the electrode pairs 116 and 118. 
Note that the cathode 110, unlike cathode 38, does not 
have a front member; electrode pairs 116 and 118 serve 
as a front member. 
[0049] The backing member controls width and length of the fo- 
cal spot. When differentially biased, i.e. different voltages 
are applied to each electrode of an electrode pair, the 
electrode pair 116 deflects the electron beam in the W- 
direction, such as in double sampling. The electrode pair 
118 deflects the electrons in the L-direction. The first 
electrode pair 116 also adjusts focal spot width and the 
second pair of electrodes 118 also adjusts focal spot 
length. 

[0050] For certain applications the electrode pairs 82, 116, and 
118 provide a negative voltage forward of the emitters 72 
and 114. The negative voltage reduces the electric fields 
at emitter surfaces, which provides current or mA modu- 
lation. Current modulation refers to adjustment of the 
amount of electron emission current. Current modulation 
is achieved through adjusting biasing voltages between 
the backing member 112 and the electrode pairs 116 and 
118, as is similarly performed between the front member 
70 and the backing member 76 of cathode 38 above. In 



providing the negative voltage forward of the emitters 72 
and 114, width and length of the focal spots generated by 
the emitters 72 and 114 are reduced in size. To compen- 
sate for the reduction in focal spot width and length or in 
other words to refocus electron beams generated there- 
from the backing members 76 and 112 are operated at a 
relatively more positive potential relative to the potential 
needed for an unmodulated beam. In providing suffi- 
ciently negative voltage forward of the emitters 72 and 
114 the electron flow can be cut off. This is referred to as 
gridding. Gridding occurs when there exist a negative 
voltage potential of approximately 4kV to 7kV between 
the front members 70 and the emitters 72 and 114. 

[0051] Referring now to Figure 6, a logic flow diagram illustrating 
a method of adjusting focal spot positioning including a 
method of determining position of an electromagnetic ra- 
diation source component and a method of operating an 
electromagnetic source in accordance with an embodi- 
ment of the present invention is shown. 

[0052] | n s t e p 150, a method of determining position of an elec- 
tromagnetic radiation source component is performed. 
The position may be determined as desired including at 
sporadic time intervals or continuously depending upon 



the application and system conditions. In the following 
example Z-position of the target 42 is determined. 

[0053] | n s tep 150A, the controller 28 transmits and the probe 
50 directs the emission signal 52 at an electromagnetic 
radiation source component target surface, such as the 
target 42. The emission signal 52 is directed from the first 
end 62, incident upon the target 42, and in step 100B is 
reflected back to the second end 64. 

[0054] | n step 150B, the controller 28 receives the return signal 
54, which is in the form of and in response to reflection of 
the emission signal 52 on the target 42. 

[0055] in step 150C, the controller 28 upon receiving the return 
signal 54 determines position of the electromagnetic radi- 
ation source component. Continuing the example from 
above, the controller 28 determines the Z-position of the 
target 42, which is approximately equal to position of the 
focal spot 46. 

[0056] in step 152A, the controller 28 may apply the determined 
actual focal spot position in performing a back-projection 
algorithm for CT image reconstruction, compare the ac- 
tual focal spot position to a desired focal spot position for 
focal spot adjustment, a combination thereof, or apply the 
determined actual focal spot position in other applications 



known in the art. 

[0057] | n step 152B, when the actual focal spot position is com- 
pared to a desired focal spot position and the controller 
28 determines that the focal spot position is outside a de- 
sired focal spot position range, step 104 is performed. 
Step 154 may also be performed when wobbling the elec- 
tron beam or for other reasons known in the art. 

[0058] | n s tep 154, a method of operating the source 18 is oper- 
ated in response to a difference between the actual focal 
spot position and the desired focal spot position. 

[0059] in step 154A, the emitter 74 emits an electron beam 98 
from the cathode 38 at the target 42. 

[0060] in step 154B, the dipole field 97 is generated between the 
emitter 74 and the anode 44. 

[0061] in step 154C, the electron beam 98 is interacted with the 
dipole field 97 and differential bias of the cathode 38 or 
cathode 110. 

[0062] ^ step 154D, the deflection electrodes 82, 116, and 118 
are asymmetrically biased to deflect the electron beam 
and adjust position of the focal spot. 

[0063] in step 154E, the dipole field 97 and the asymmetrical bi- 
asing of the deflection electrodes 82, 116, and 118 may 
be further modified to alter size and shape of the electron 



beam 98 and position of the focal spot 46. Upon comple- 
tion of step 154E the controller 28 may return to step 
150. 

[0064] The above-described steps are meant to be an illustrative 
example; the steps may be performed synchronously or in 
a different order depending upon the application. 

[0065] The present invention provides a focal spot adjusting sys- 
tem that is capable of shifting an electron beam electroni- 
cally without any mechanically moving components, 
therefore minimizing on weight of the tube assembly and 
allowing for increased gantry rotational speeds while at 
the same time having focal spot adjusting capabilities. 
The present invention is also capable of determining an 
actual focal spot position whenever desired to account for 
various condition and system variations and provide accu- 
rate focal spot position determination for enhanced qual- 
ity image reconstruction. 

[0066] The above-described apparatus and method, to one 

skilled in the art, is capable of being adapted for various 
applications and systems known in the art. The above- 
described invention can also be varied without deviating 
from the true scope of the invention. 



